Protected areas (PAs) are vital for conserving biodiversity, but many PA networks consist of 2 fragmented habitat patches that poorly represent species and ecosystems. One possible 3 solution is to create conservation landscapes that surround and link these PAs. This often 4 involves working with a range of landowners and agencies to develop large-scale 5 conservation initiatives (LSCIs). These initiatives are being championed by both government 6 and civil society, but we lack data on whether such landscape-level approaches overcome 7 the limitations of more traditional PA networks. Here we expand on a previous gap analysis 
Introduction 23
Terrestrial biodiversity is under unprecedented pressure, despite intensifying conservation 24 efforts. Protected areas (PAs) have long been used to mitigate these threats by separating 25 biodiversity and incompatible land uses, and now cover 14.6% of the global terrestrial realm 26 ). Moreover, PA networks are continuing to expand, as most national 27 governments have committed to increase the proportion of their land surface under 28 conservation to 17% by 2020 (CBD, 2011). However, even with this new commitment, 29 conservation success is far from guaranteed (Venter et al., 2014) . This is because PA 30 networks have often developed in an ad hoc manner and have three features that limit their 31 effectiveness. First, many PAs are small and isolated, and so cannot maintain broad-scale 32 ecological processes or sustain viable populations of wide-ranging species (Armsworth et al. These government reviews provided renewed impetus to a trend that had been developing 75 across the UK conservation sector. In particular, several conservation non-governmental 76 organisations (NGOs) recognised the need for new large conservation areas, which should 77 extend beyond the boundaries of existing PAs to encompass whole landscapes. These NGOs 78 have established their own schemes to develop large conservation areas, such as the Royal 79 These four conservation area categories are known to overlap, so we ranked them 151 according to their conservation objectives, letting us report the amount of land belonging to 152 the management category that gave the highest weight to conservation (Table 1) with HLS and woodland grant scheme agreements. We only considered those stewardship 168 options which contribute to conservation. Where farm agreements contained at least one 169 whole-farm option, we considered the entire farm as an IPA. If this was not the case, we 170 used the HLS data to map the IPA land parcels (see Text S1 for further details). We clipped 171 all of these datasets with the England political boundary to exclude any estuarine or marine 172 areas (following Oldfield et al., 2004) . 173 174 To determine the characteristics of the different conservation management categories, we 175 used datasets describing elevation, slope, distance to infrastructure, ecoregion type, 176 agricultural land quality and land-cover class. All of these data types were used in previous 177 gap analyses to measure the representativeness of PA networks and the extent to which 178
PAs are found in remote areas on land with low agricultural potential (e.g. Oldfield et al., 179 2004; Pressey and Tully, 1994). We did not use the available species distribution data 180 because much of it has a spatial resolution of 10 km x 10 km, which is a great deal coarser 181 than the majority of the PAs and agri-environment scheme land parcels, making it 182 impossible to measure levels of species representation with precision. 183
184
The first step in the analysis was to produce six GIS layers derived from five spatial datasets, 185 which were resampled to produce GIS layers with the same resolution of 80 m (matching 186 the dataset with the coarsest resolution). Three of the layers described physical factors. We 187 used the SRTM Digital Elevation Model (DEM) to produce the elevation zone layers (Table  188 S2), where each elevation value was assigned to one of the following four classes: 0 to 200 189 m; 201 to 400 m; 401 to 600 m and > 600 m. We also used this DEM to produce the slope 190 10 layers using the Slope function in ArcGIS (ESRI 2011; ArcGIS Desktop: Release 10. Redlands, 191 CA). To produce the remoteness layer we used national data on public transport 192 infrastructure (Table S2) and economic activity. We also used the Provisional Agricultural Land Classification (Table  200   S2 
Data analysis 209
We calculated the percentage overlap between the different conservation area categories 210 by converting the vector file for each into a raster format with an 80 m resolution, and using 211 the Raster Calculator in ArcGIS to identify each combination of categories. Given the overlap 212 between the conservation area categories, there were 15 combinations (e.g. PA + Type 1 213 11 LSCI), which were reclassified to the category that gave most weight to conservation based 214 on the hierarchy described above and in Table 1.  215   216 We used ArcGIS to determine the characteristics of these different management categories 217 based on the elevation, slope and remoteness layers. We did this by randomly selecting and 218 extracting data from 1000 points of land belonging to each management category (i.e. PAs, 219
Type 1 LSCIs, Type 2 LSCIs and IPAs) and land not within a conservation area. This helped 220 ensure our sampling points were spatially independent and also avoided identifying 221 statistically significant but negligible differences because of the large sample size. We then 222 
Extent and overlap between the different conservation management categories 261
Land under LSCIs and IPAs is much larger than the land dedicated to formal PAs (Figure 1) . 262
Adding the large privately owned Type 1 LSCIs expands the net coverage of England by only 263 1%, because they cover < E 37.9% of their area is already 264 protected by PAs (Table 1) . However, adding the IPAs nearly triples the land under 265 conservation management from roughly 9,000 to 23,000 km 2 , increasing coverage to 20.5%. 266
Adding Type 2 LSCIs, which are managed by multiple different organisations or individuals, 267 further increases this coverage to nearly 64% E terrestrial surface (Figure 1 , Table  268 1), as 76% of the land in these Type 2 LSCIs is not part of a PA or an IPA and so it is only 269 proposed to be managed for biodiversity conservation (Figure 1) . 270 271
Characteristics of the different conservation management categories 272
Areas where conservation objectives were prioritised tended to be in upland areas, on land 273
with lower agriculture quality and in more remote areas, e.g. coastal, wetland and montane 274 areas (Figure 3) . A greater proportion of PAs and Type 1 LSCIs contained woodland and 275 semi-natural grasslands than was the case for Type 2 LSCIs. PAs and Type 1 LSCIs were on 276 average higher, more remote, and steeper, while Type 2 LSCIs were lower, less remote and 277 flatter (Figure 4 ; Table S3 ). These patterns were mirrored in the protection equality results. 278
The PA network on its own had a protection equality score of 32%, because many 279 ecoregions had negligible levels of protection, while a few upland and heathland ecoregions 280 had PA coverage of > 40% (Figure 2 ). Including the Type 1 LSCIs made little difference to this 281 result, increasing protection equality to 34%. However, adding land in IPAs increased 282 protection equality to 62%, and also including land in Type 2 LSCIs increased it to 74% 283 ( Figure 2, Figure S1 ). al., 2012). One strength of this approach is that it is decentralised, allowing projects to 295 match local conditions, but measuring the effectiveness of these LSCIs at a national level is 296 important to inform general policies and strategies. This is why we used a gap analysis to 297 explore the extent to which LSCIs help scale-up conservation efforts from PAs. We found 298
LSCIs could substantially improve representation of less remote, flatter, lowland areas, with 299 higher grades of agricultural suitability. However, the impact of LSCIs on conservation will 300 depend on how they are planned and managed, which is an important caveat, because most 301 of the land under Type 2 LSCIs is not currently managed for conservation. Our case study is 302 the first to measure the relative contribution of LSCIs and land under agri-environment 303 schemes to producing representative conservation area networks and provides a number of 304 insights to inform policy and practice in human-dominated landscapes around the world. 305 England and elsewhere in Europe, so short term incentives will remain vital for encouraging 383 some landowners to manage their land for biodiversity. Thus, conservationists will need to 384 focus efforts to ensure the most important areas are protected, and that connectivity is 385 maintained and enhanced within these production landscapes. To achieve conservation 386 objectives in the long-term, it is likely that other forms of funding will be needed and that 387 conservation organisations will have to secure permanent conservation management on 388 more land within LSCIs. Tables legend   631  632   Table 1: 633 Statistics describing the land under different conservation management categories found in 634
England, presented in hierarchical order based on the weight given to conservation as a 635 management objective (high to low). We present the total area, as well as the net cover for 636 each category after accounting for overlaps with land in higher conservation categories. 
